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ABSTRACT 
In most sugar industry, sugarcane bagasse is used as fuelto generate steam for sugar 
milling and electricity generation.It consists of cellulose, hemicellulose, lignin, ash andmoisture 
content. As bagasse moisture content increases, greater combustion is obtained.Thus, thebagasse 
moisture content is an important parameter to control combustion in boilers. Simulated bagassewas 
used to monitor the effects of moisture content on gross calorific value (GCV) and net calorific 
value(NCV) and equilibrium analysis. So burning of bagasse at suitable level of moisture is 
essential from the viewpoint of boiler performance. 
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1. Introduction 
Sugarcane bagasse is the fibrous residue of 
sugarcane after the extraction of  juice. 
Bagasse, as agro-based fibers, have the 
composition, properties and structure that 
make them  suitable for uses such as 
composite, textiles, pulp and paper 
manufacture and animal feed, among others. In 
addition, bagasse bio-fibers can also be used to 
produce fuel, chemicals, enzymes and food 
and is one of the most relevant sugarcane 
by-products of the cane sugar production 
industry, a mixture of hard fiber, with soft and 
smooth parenchymatous (pith) tissue, having 
high hygroscopicity, soil, wax, residual sugars, 
etc., remaining after the cane has been crushed 
and extracted the juice Sugarcane bagasse 
consists of cellulose, 43.6%, hemi-cellulose, 
33.8%, lignin, 18.1%, ash, 2.3% and wax, 
0.8%, on a dry weight basis.[2]  
Hence, bagasse is currently the primary fuel 
for sugar milling and processing operations, 
with occasional supplementation by sawdust, 
coal and fuel oil. Some mills produce more 
power from fuel burning equipment than is 
required for the sugar milling process. The 
excess power is sold and exported to the 
electricity grid. This process is called 
cogeneration [2]. 
The export of surplus electricity from sugar 
industry cogeneration is becoming the norm in 
many parts of the world. Cogeneration systems 
are composed of a steam generation system, 
steam turbines and, of course, the process plant 
that acts as the condenser for the LP exhaust 
steam. The need to keep generating beyond the 
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end of crop means that many systems also 
have water cooled condensers, typically 
integrated with a turbine which is then a 
pass-out condensing machine. The steam 
generation system is the principle source of 
losses from modern cogeneration stations.  It 
has a boiler, an air pre-heater, an economizer 
and sometimes a bagasse dryer. The bagasse 
dryer, like the pre-heater and economizer , 
increases the steam generationefficiency but it 
only becomes a significant influence when flue 
gas is used as the heat source for drying, the 
steam generation efficiency being directly 
related to the final gas temperature. It must be 
remembered that, even though bagasse drying 
is a means of making more energy available 
from the cogeneration station, the net increase 
in electricity generation depends on the 
characteristic of the entire plant, which is also 
a function of mainly the turbine inlet steam 
condition, the temperature and pressure of the 
exhaust and the turbine efficiency.[3] 
The boiler efficiency does not only depend on 
the boiler configuration and operation but also 
on the fuel being used. This paper describes a 
typical sugar factory boiler, the analysis of 
boiler fuel and discusses the calculation of 
boiler efficiency. 
Many sugar industries have presented the state 
of art of sugar cane bagasse drying until 1987. 
However, despite the importance of bagasse 
drying in recent years, it has not been 
sufficiently discussed. The aim of this work is 
to present a review of the most important 
drying systems (whether reported in the 
literature or not) and a discussion of their main 
characteristics [3]. 
1.1 Advantages of drying sugar cane bagasse  
When the boiler efficiency is determined based 
on the Higher Heating Value - HHV, it is 
possible to perceive that a critical aspect is the 
bagasse moisture content. This value 
represents about 14.79% of total heat losses, 
since the typical boiler efficiency is about 
65.83%. 
The HHV of brixfree, ash free and 
moisture-free bagasse is 19605 kJ by kg of dry 
bagasse, but if its moisture content is 50%, in 
the same conditions of brix and ash, the LHV 
becomes 7929 kJ by kg of wet bagasse. 
The reduction of cane bagasse moisture 
increases the LHV, and at the same time, the 
volume of the boiler exit gases is reduced. 
Remembering that the specific heat of water 
vapour is almost twice that of other gases, the 
heat losses by exit flue gas are also reduced. 
Water vapour reduction also decreases the load 
of induced draft fans. Boulet stated that drying 
the sugar cane bagasse could reduce air 
pollution and air demand in the furnace. Nebra 
concluded that pneumatic drying is a good 
choice even when combustion gases coming 
from an air pre-heater are used (GIT 180°C). 
Bailliet stated that the main advantage of sugar 
cane bagasse drying over the air pre-heater is 
the substantial increase in bagasse 
"burnability". Hence, bagasse drying is 
definitely a good course of action for mill 
producing largeamounts of it with moisture 
above 50%.Marquezi and Nebra have shown 
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that bagasse drying can savemore energy than 
the air pre-heater. Drying sugarcane bagasse in 
anintegrated system makes possible to obtain 
exit gases from the steamgeneration system at 
a lower temperature. The use of bagassedryer 
could reduce the temperature of the boiler exit 
gases from 300to 140°C, increasing the steam 
generation system efficiency from54% to 
69%[10]. Currently there are bagasse dryers 
with even better performances, capable of 
reducing the GOT to about 75°C 
2. Methodology 
2.1 Dry bagasse 
The bagasse simulation is investigatedfor the 
influence of moisture content on 
thecomposition of simulated bagasse compared 
todry bagasse. The elemental analysis of the 
reference dry bagasse obtained by 
analyticalmethod [13], is shown in Table.1. 
Table.1 Bagasse Contents (% dry fuel)   
 
2.2. Calorific value 
The calorific value of fuel is the heat released 
per unit mass of fuel at 250Cwith completed 
combustion. Generally, there are two calorific 
values: a gross calorific value (GCV) and a net 
calorific value (NCV). The GCV is the total 
energy released during the combustion process 
and can be accurately measured by using a 
bomb calorimeter. The NCV is the GCV 
without the latent heat of the water formed by 
the combustion process. However, both 
calorific values are also obtained by 
calculation derived from experiment and 
method of calculation laid down in ISO1928 
[15]. Calculation of the fiber content results in 
an equation for the GCV and NCV of bagasse 
as a function of the moisture (M), brix (B) and 
ash (A) shown in eqs. (1)-(2)[13]. 
GCV=19605-196.05xM-31.14xB-196.05xA 
kJ/Kg. 
…………………  (1)  
NCV=18260-207.15xM-31.14xB-182.60xA 
kj/kg…..……..  (2) 
 
Table.2 Calorific value of Bagasse at 200C   
 
3. Boiler efficiency 
The efficiency of a boiler is the energy 
imparted to the boiler feed water in its 
conversion to superheated steam as a 
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percentage of the energy in the fuel. It can be 
expressed either in terms of the net or gross 
calorific value. Because the latent heat in the 
flue gas is not normally recovered, only the 
boiler efficiency on NCV is of practical value 
and the one commonly used. For the purpose 
of boiler calculations, calorific values must be 
corrected to ambient temperature. One of the 
standards for determining boiler efficiencies is 
BS 845 (Anon 1987) but there are other 
methods being practiced, often with different 
results. Whichever way it is done it is based 
either on the ‘direct method’ or the ‘indirect or 
loss method’ [15]. 
3.1. Direct method 
In the direct method, the boiler efficiency is 
defined as the difference between the energy in 
steam and the energy in boiler feed water as a 
percentage of the energy in fuel. In equation 
form: 
ܤ݋݈݅݁ݎ ݂݂݁݅ܿ݅݁݊ܿݕ= ܵݐ݁ܽ݉ ܧ݊݁ݎ݃ݕ − ܧ݊݁ݎ݃ݕ ܤܨܧ
ܧ݊݁ݎ݃ݕ ܨݑ݈݁ ∗ 100 
or 
ܤ݋݈݅݁ݎ ܧ݂݂݅ܿ݅݁݊ܿݕ= ܯܽݏݏ ܵݐ݁ܽ݉ ∗ ℎ ∗ ܵݐ݁ܽ݉ −ܯܽݏݏ ܤܨܹ ∗ ℎ ∗ ܤܨܹ 
ܯܽݏݏ ݂ݑ݈݁ ∗ ܥݒ ܨݑ݈݁
∗ 100  
The greatest advantage of the direct method is 
that it is easy. In addition, it can cover any 
period of time. It takes into account any losses 
occurring during the period under 
consideration and reflects the actual steam 
generation and fuel consumption for that 
period. The mass of steam is usually taken at 
the crown valve which means that auxiliary 
steam such as deaerator steam, steam used for 
boiler fans and feed water pumps or any other 
steam related to the boiler operation is 
included. The boiler feed water may or may 
not exclude boiler blow down[15]. 
3.2. Indirect or loss method 
The definition of boiler efficiency is the same 
irrespective of the method being used. The 
difference is in the approach. While the direct 
method concentrates on the energy made, the 
‘loss method’ focuses on the energy lost. In 
equation form: 
ܤ݋݈݅݁ݎ ܧ݂݂݅݁ܿ݅݁݊ܿݕ= (ܧ݊݁ݎ݃ݕ ܨݑ݈݁ − ܧ݊݁ݎ݃ݕ ܮ݋ݏݏ݁ݏ)
ܧ݊݁ݎ݃ݕ ܨݑ݈݁ ∗ 100 
Or 
 
ܤ݋݈݅݁ݎ ܧ݂݂݅ܿ݅݁݊ܿݕ= 100 − ܮ1 − ܮ2 − ܮ3 − ܮ4
− ܮ5 
 
where L1 to L5 are the various losses as a 
percentage of the total energy of the fuel. 
L1 = Latent heat loss in flue gas (applies only 
to GCV) 
L2 = Sensible heat loss in flue gas 
L3 = Loss due to unburned carbon 
L4 = Radiation loss 
L5 = Other losses 
4. Fuel Analysis 
The fuel components are usually divided into 
ash, moisture and other constituents. The 
different analyses such as physical, proximate 
and ultimate analyses concentrate on these 
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other constituents. 
Physical analysis: A physical analysis 
describes the fuel components in terms of their 
quantities. It is particularly used to calculate 
the calorific value. The composition of bagasse 
is usually expressed in terms of its fibre, brix 
and moisture content. For the purpose of 
analysing bagasse as a boiler fuel, it is 
important to separate the fibre component into 
vegetable fibre and ash. Coal can similarly be 
separated into dry, ash free coal, ash and 
moisture. Typical analyses of bagasse and coal 
aregiven in Table 3. 
 
 
Table 3. Physical analysis of bagasse and 
coal 
 
Proximate analysis: The proximate analysis 
defines that part of the fuel that gasifies below 
750°C, called the volatiles, in relation to the 
fixed carbon. It provides an indication of its 
combustion properties especially the 
combustion stability. This property is 
particularly important for coal and is used to a 
lesser extent for bagasse. A proximate analysis 
for bagasse and coal 
is given in Table 4. 
Table 4. Proximate analysis of bagasse and 
coal 
 
Ultimate analysis. The ultimate analysis is the 
analysis of the fuel into its basic chemical 
elements. This analysis is used to obtain the 
theoretical air needed for combustion based on 
the stoichiometric equations of the various 
elements. It also provides a means to 
determine the quantity and composition of the 
flue gases. Finally, it forms the corner stone in 
the calculation of the boiler efficiency using 
the ‘loss method’. Table 5 gives a typical 
ultimate analysis for bagasse and coal. 
Table 5.Ultimate analysis of bagasse and 
coal. 
 
4. Effect of moisture content on 
bagasse composition 
Table. 1 shows the composition of dry bagasse 
as C=48.64%, H=5.87%,  O=42.82%, 
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N=0.16%, S=0.04%, Cl=0.03% and 
Ash=2.44%. The results 
Shown by AmornratKaewpradap [13] that each 
1% increase in moisture content results in a 
decrease of C and O in bagasse of 0.43% and 
0.49%, respectively while N, S and Cl are very 
slightly changed. For comparison, the 
composition of actual bagasse with moisture 
contents of 53.0%, 53.8% and 52.0% are also 
plotted. This indicates a similar composition of 
C,H, O, N and ash to the simulated bagasse 
(Fig.1). Consequently, the simulated bagasse 
can be used to represent the actual bagasse to 
predict calorific values with high accuracy. 
 
Fig. 1 Comparison between simulated 
bagasse and actual bagasse composition. 
5. Effect of bagasse moisture content 
on calorific value 
When bagasse moisture content increases, the 
calorific values decrease. This is because the 
calorific values depend on moisture, brix, and 
ash as shown in eqs. (1)-(2), thus the calorific 
values GCV and NCV decrease, due tothe 
increased moisture content (Fig. 2). 
 
Fig. 4 Effect of bagasse moisture content on 
GCV and NCV. 
 
 
6. Conclusion 
The results of this study lead to the following 
conclusions: 
An increase of bagasse moisture content 
results in the decrease of composition of C and 
O while N, S and Cl are negligibly changed. 
When bagasse moisture content increases, the 
calorific values (NCV, GCV) decrease due to 
the change of bagasse composition. 
Boilers should not be operated at bagasse 
moisture content exceeding 56% due to severe 
unstable combustion. 
As with all heat recovery devices, the 
feasibility of dryer depends upon both the 
current inefficiencies of boiler. These factors 
have been illustrated in the study. The question 
arises as to whether a different heat recovery 
device (air heater or economizer) should be 
installed- in this case only dryer was 
considered.   The first industrial bagasse 
dryer was of the rotary type. Many other types 
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have since been experimentally studied and 
used in industries, such as fluidized and solar 
dryers.At present, pneumatic dryers are most 
often used in factories because of their low 
price and small space requirements. Bagasse 
dryers undoubtedly promote energy savings 
that increase the efficiency of the steam 
generation system. With the current increase in 
export cogeneration in most factories, the 
bagasse dryer could become an important 
element of the system, even though studies 
about trade-offbetween the air pre-heater, the 
economizer and the drier are necessary, taking 
into account costs and energy consumption, 
aiming to determine the best 
seatingarrangement between these pieces of 
equipment. 
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